Key words: Cyprinid fish/sperm morphology/spermatozoa/intramembranousparticle/freeze fracture ABSTRACT. The morphology and intramembranous particle (IMP) distribution of spermatozoa were investigated in four species of cyprinid fishes, Gnathopogon elongatus elongatus, Pseudogobio esocinus, Acheilognathus lanceolatus and Puntius tetrazona. In particular, observation of IMP distribution was conducted as an aspect of comparative spermatology in cyprinid fishes and was continued from a previous paper (Ohta et ah, 1994 (8)). Although the fundamental structures of the spermatozoa were similar among the four species, the distribution of IMPs varied. Hexagonal (or parallelogrammic) arrays of IMPs on the sperm head membraneswere present in G. elongatus elongatus, A. lanceolatus and P. tetrazona, but not in P. esocinus. The hexagonal arrays have nowbeen confirmed to be present in twelve of the thirteen species of cyprinid fishes examined so far.
It has been reported that unusual arrays of intramembranous particles (IMPs) are present on the sperm heads in some teleost fishes (3, 4, 6, 7, 8) . The unusual arrays are hexagonal or parallelogrammic in shape, but their functional significance is unknown. Ohta et al. (8) began research on IMPdistribution on sperm membranes, focusing on cyprinid fishes, since the arrays have thus far been reported in spermatozoa of fish from this group. In our previous study (8) of four species of cyprinid fishes , Zacco platypus, Hemigrammocypris rasborella, Zacco temmincki, Pseudoperilampus typus, we found that the hexagonal arrays of IMPswere present in all four species. Further study on other cyprinid fishes is necessary before a clear conclusion as to whether or not the arrays are commonto cyprinid fishes may be obtained. In the present paper, observations of the spermatozoa of four additional species of cyprinid fishes are reported.
MATERIALS AND METHODS
Spermatozoa of the following four species of teleosts were studied: the field gudgeon, Gnathopogon elongatus elongatus\ the pike gudgeon, Pseudogobio esocinus; the slender bitterling, Acheilognathus lanceolatus and the sumatran, Puntius tetrazona. The methods for fixation, embedding, freeze fracture and observations were the sameas those described in a previous paper (8).
1 To whomcorrespondence should be addressed.
RESULTS
Spermatozoa of all four species were composed of a spherical head, a midpiece and a tail. The head lacked an acrosome, and the mitochondria were located at one side of the midpiece ( Spermatozoa of the field gudgeon. Testes were obtained from males during spring. A spermatozoon was about 33.9 //m in overall length (Table I) . The head was approximately 1.6 //m in diameter and its surfaces were smooth ( Fig. 1. CD) . A pair of centrioles was present in the centriolar fossa of the posterior part of nucleus ( Fig. 1. (2) ). A proximal centriole (PC) was positioned at 118±9 degrees (n=15) to the basal body which was connected to a flagellum. Freeze fracture of sperm plasma membranesrevealed the distribution of IMPs in the protoplasmic face (PF) and the extracellular face (EF). A great number of IMPs were present on the PF (Fig. 1. (3) and ©). The density of IMPs is shown in Table I and was about 432/0.25 fim2 at the anterior portion of the sperm head and 486/0.25 //m2 at the lateral portion of the sperm head on the PF. The corresponding densities on the EF were about 131/0.25 /mi2 and 106/0.25 /mi2. The density of IMPson sperm membraneswas the greatest in this fish among the four species examined.
The size of the IMPs was 13±1.7 (n=100) nm. No area completely lacking IMPs was observed ( Fig. 1. (3) and @). Conversely, hexagonal (or parallelogrammic) arrays of IMPswere present on the PF to a small extent Spermatozoa of the slender bitterling. The slender bitterling is a species of Acheilognathine fish. The testes were obtained from males during spring. The morphology of the spermatozoon was similar to that of previously examined Acheilognathine species (the rose bitterling, flat bitterling and netted bitterling). The spermatozoon was approximately 38.6 fim in overall length (Table I) . A large mitochondrion and a pair of centrioles were present in the midpiece ( Fig. 3 . ©). A proximal centriole was located about 135±14.0 degrees (n=ll) to the long axis of the basal body ( Fig. 3 . @).
There was no notable difference in the distribution of IMPs in different areas of the head. The density of IMPs on the PF and the EF is shown in Table I . The density of IMPs in this species was the lowest among the present four species (Table I) . Hexagonal arrays of IMPs, which were not uniform in arrangement, were present on the PF of the lateral portion of the head (Fig. 3 . ©, arrow and ©). Conversely, there were hexagonal lines with only a few IMPson the corresponding EF ( Fig. 3 . ©, arrow and ©). Each IMP was approximately 13.6±1.5 nm (n=100) in diameter. Spermatozoa of the sumatran. The sumatran is a tropical fish, and so spermatogenesis is not limited to a fixed season. Testes were obtained during autumn from males, which were kept at 28°C (water temp.). The spermatozoon was approximately 28.9 fim long and the smallest among the present four fishes (Table I) . A proximal centriole and a basal body were positioned about 115±10 degrees (n=12) to each other. The IMPswere more numerousthan in the slender bitterling. Each was about 13.0± 1.2 nm (n= 100) in diameter. The density of IMPs on the PF and the EF is shown in Table I . The density of IMPs on the EF was about 1/6-1/7 of that on the PF. Hexagonal arrays of the IMPs were clearly present on the PF of the head membranes (Fig. 4. © and @) . Nearly parallelogrammic lines were observed on the corresponding EF (Fig. 4. © and ( §) ).
DISCUSSION
We initiated the research to clarify the IMP distribu- tion and morphology of spermatozoa in the cyprinid family. As a first step, we used the four species, Zacco platypus, Hemigrammocypris rasborella, Zacco temmincki, and Pseudoperilampus typus (8). Although there were differences in the distribution of IMPs on sperm head membranesamongthe species, hexagonal (or parallelogrammic) arrays of IMPs were present in all fish examined. Data from the four species investigated in the present study can be added to the previous data.
The present results showed the following; the function of the arrays, the object of the research was to investigate whether or not the arrays were commonamongspermatozoa of cyprinid fishes. The presence of the hexagonal arrays has been confirmed in twelve among thirteen species of cyprinid fishes examined so far {Brachydanio rerio, 4; Rhodeus ocellatus ocellatus, 6; R. sericeus sinensis, 3; Carassius auratus, Acheilognathus rhombeus, 7; Zacco platypus, Hemigrammocypris rasborella, Zacco temmincki, and Pseudoperilampus typus, 8), including the four species of the present observation. Only in the pike gudgeon were the arrays not observed. Therefore, it is concluded that the hexagonal arrays of IMPsare not always present on spermatozoa of all cyprinid fishes, although they are present in many species of cyprinids. The cyprinid family is extremely large and distributed worldwide. It is beyond question that it will be necessary to investigate more species of cyprinid fishes before accepting the possibility that the pike gudgeon may be exceptional. We are scheduled to investigate more species of cyprinid fishes.
Amongthe four species examined in the present paper, only the slender bitterling belongs to the Acheilognathine sub family which is classified into fifteen species (5). Acheilognathine fishes examined so far have been the rose bitterling (3, 6), the flat bitterling (7), and the netted bitterling (8). Spermatozoa of the four species of Acheilognathine fishes are very similar in morphology and the distribution of IMPs. In particular, the presence of hexagonal arrays of IMPs has been verified to be common.It has been shown that cross-fertilization is easily achieved among Acheilognathine fishes (2, 12, 13, 14) . The similarity of the spermatozoa as enumerated above maybe one of the reasons for the ease of cross-fertilization.
The freeze fracture method revealed the pores of the nuclear membrane. They were located concentrically at the posterior portion of the sperm head. This observation coincided with that for other fishes (3, 8). The reason for this location of the nuclear pores is unknown. It will be necessary to investigate the process of the nuclear pore formation during spermatogenesis. In spermatozoa of the golden hamster, Mesocricetus auratus, IMP distribution is random in the head plasma membraneand is random or hexagonal in different segments of the outer acrosomal membrane (10). After capacitation particle free patches are known to be formed in the plasma membrane by disappearance or movement of small or large particles (ll). In the spermatozoaof Xenopuslaevis, no characteristic arrays of IMPs are present on the plasma membrane(1). On the other hand, the spermatozoa of many marine invertebrates have characteristic arrays of IMPs in the head plasma membrane around an apical area devoid of IMPs. Their appearance on the P face has been described as "a circlet of particles" in the horseshoe crab, Limulus polyphemus (15), "two circlets of orderly arranged particles" in the ascidian, Ciona intestinalis (9), and "a ring of densely distributed large IMPs" in the starfish, Asterias amurensis (16) . In spermatozoa with an acrosomal structure, fusion occurs between the membrane of the acrosomal granule and the overlying plasma membraneduring the process of acrosomal reaction. The fusion is known to begin at the apical point where the membrane is almost free of particles (9, 15, 16) . Tilney et al. (15) suggested the possibility that the characteristic arrays of IMPsmayfacilitate membrane fusion by destabilizing the lipid within the particle circlets. The IMP distribution of cyprinid fish spermatozoa differs from that of marine invertebrate spermatozoa in the absence of an IMP-free zone and the appearance of characteristic arrays of IMPs. It is nowobscure whether characteristic arrays of IMPs in spermatozoa of cyprinid fishes have a similar function or not.
